The aims and objectives of this study is to assess the role of fundus fluorescein angiography (FFA) in classification and diagnosis of macular diseases.
Introduction
T he pattern of retinal blindness has changed over the years in developing countries. The important causes of retinal blindness are diabetic retinopathy, age-related macular degeneration (ARMD) and retinopathy of prematurity. It is expected that there would be 57 million diabetics in India by 2025 and 137 million people older than 65 years of age by 2021. In developing countries, the prevalence of ARMD ranges from 0.6% to 1.1%. [1] This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms. Diabetic macular edema (DME) is one of the l e a d i n g c a u s e s o f l o s s o f v i s u a l a c u i t y a n d blindness worldwide. The prevalence of DME found to be 3% in mild nonproliferative diabetic retinopathy (NPDR), 38% in moderate-to-severe NPDR and 71% with PDR. [2] ARMD is the leading cause of vision loss in people over the age of 50 years in the developed world. ARMD leads to blindness in 18% of the population in the age group of 65-75 years and almost in 30% of persons aged above 75 years. [3] Macula lutea also known as a clinical posterior pole which contains central 1.5 mm depression the fovea centralis, where only cones are present in the neuroepithelial layers. The macula is concerned with the precise visual function of acuity, form sense, color differentiation, and stereopsis.
Macular diseases such as ARMD, central serous chorioretinopathy (CSCR), DME, vascular occlusive diseases can cause irreversible blindness and thus require detailed evaluation and management. [4] Fundus fluorescein angiography (FFA) was introduced in clinical use in 1961 by Novotny and Alvis. It helps us to examine structures in the macular region which are beyond the reach of direct ophthalmoscopy and fundus photography. It is relatively a safe procedure with no life-threatening complications. [5] 
Methodology

Sample size
The sample size for the study is calculated by following formula: Cross-sectional study. Taking 10% as an error.
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If the values are normally distributed, then 95% of the values will fall within 2 standard errors of the mean. The value of z corresponding to this is 1.96 (from the standard normal variate tables). unaided visual acuity and best-corrected visual acuity with Snellens chart and near vision, pupil size and reactions, anterior segment examination and slit lamp biomicroscopy, measurement of intraocular pressure was done using Goldmann applanation tonometer. Patient's pupils were dilated with a combination of 5% phenylephrine and 1% tropicamide. A thorough, careful, and detailed examination of the fundus was done initially by a direct ophthalmoscope and subsequently with an indirect ophthalmoscope and slit lamp examination with +90 D lens giving special attention to macula.
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An intradermal test dose of the dye was given 10 min before the procedure. A 21 gauge scalp vein set was put in the antecubital vein. Patient was seated comfortably in front of the fundus camera and the fluorescein dye was injected. Procedure was conducted under supervision of standby anesthetist. Using a Zeiss fundus camera color fundus photographs, monochromatic fundus (red-free) photographs were taken before performing fluorescein angiography. A volume of 3 ml of 25% fluorescein dye was injected in the anticubital vein. Pictures were taken after 10 s at an interval of 1.5-2 s approximately. The serial photographs were taken. Patient was monitored for 1 h after procedure. The clinical ophthalmoscopy and fluorescein angiography findings were analyzed and categorized.
Results
A total of 66 participants were included in the study. These participants with suspected macular diseases were evaluated in detail using clinical ophthalmoscopy and FFA. In the present study, majority of the participants were male (63.6% Out of 20 patients of ARMD, 50% were of dry ARMD and 50% were of wet ARMD. Majority (80%) of wet ARMD cases were altered in diagnosis by FFA. On analysis of 20 cases of ARMD, FFA confirmed the diagnosis in 60% of cases and altered the diagnosis in 40% of cases. FFA classified the lesions in 50% of cases of ARMD.
Out of 21 cases of diabetic maculopathy, majority of participants had clinically significant macular e d e m a ( C S M E ) ( In the present study, 15.15% of participants were diagnosed with CSCR. Out of which 60% had inkblot pattern of leakage and 40% had smoke stack pattern of leakage on fluorescein angiography.
Out of two cases of full-thickness macular hole, FFA has confirmed diagnosis in all the cases.
Out of three cases of inflammatory causes, majority (66.66%) of the cases had choroiditis followed by cytomegalovirus (CMV) retinitis. FFA confirmed the diagnosis in 66.66% of cases and altered the diagnosis in 33.33% of cases. Macular edema due to vascular occlusions was confirmed only by FFA.
In the present study, out of 66 participants who underwent FFA, Nausea was the most common side effect seen only in 4.68% of cases. No other cases experienced any anaphylactic reactions.
In our study, out of 66 cases of macular diseases, FFA confirmed the diagnosis in 62% of the cases and altered the diagnosis in 38% of cases [Graph 2]. There was 90.91% agreement between clinical ophthalmoscopy and FFA which is found to be statistically significant (P < 0.001).
FFA also classified the lesions in 64% of cases.
Limitations of the study
The nonavailability of optical coherence tomography which provides quantitative analysis of the retinal vasculature and three-dimensional imaging of the macula.
Discussion
In our study, a total of 66 participants with macular pathologies were evaluated in detail both by clinical ophthalmoscopy and FFA. Among 66 cases, 30.30% of cases of ARMD, 31.81% of cases of diabetic maculopathy, 12.12% of cases of vascular occlusions, 15.15% of cases of CSCR, 3.03% of cases of macular dystrophies, 4.54% of cases of inflammatory causes and 3.03% of cases of macular hole were included in the study.
In the present study, majority of the participants were male (63.60%).The mean age of the study population was 58.95 ± 19.70 years.
FFA played a major role in the diagnosis of wet ARMD. It confirmed the diagnosis in 20% of cases and altered the diagnosis in 80% of cases of wet ARMD. The retrospective study conducted by Talks et al. showed that 81% of Wet ARMD cases could be diagnosed only by fluorescein angiography. [6] On overall analysis of 20 cases of ARMD, FFA confirmed the diagnosis in 60% of cases and altered the diagnosis in 40% of cases. The results of this study are correlating with study conducted by Nainiwal and Dandaliya who concluded that FFA confirmed the diagnosis in 68.42% of ARMD cases, altered the diagnosis in 31.57% of cases. [7] In our study, FFA classified the Wet ARMD into occult choroidal neo vascular membrane (CNVM) and classic CNVM in 50% of cases. Arvind et al. in their study on fluorescein angiography in posterior segment diseases concluded that FFA classified the lesion in 47% of cases of ARMD. [8] In our study, among 21 cases of diabetic maculopathy, majority (33.33%) of the cases had CSME followed by of focal maculopathy and diffuse maculopathy. The least patients had ischemic maculopathy. The prevalence is correlating to the study done by Syed et al. on incidence of angiographic patterns of diabetic maculopathy who found that diffuse maculopathy and focal diabetic maculopathy was seen predominantly followed by ischemic type. [9] Among 21 diabetic maculopathy cases in our study, FFA confirmed the diagnosis only in 33.33% of cases and altered the diagnosis in 66.66% of cases. The results are in agreement with the research done by Rajappa et al. who concluded that FFA has confirmed type of diabetic maculopathy only in 24% of cases and has altered diagnosis in 76% of cases. [10] Out of 21 cases of diabetic maculopathy FFA classified the lesions into diffuse maculopathy, focal maculopathy, ischemic maculopathy, and CSME in 66.66% of cases. Arvind et al. in their study showed that FFA is instrumental in categorizing the lesion of diabetic retinopathy and also helpful in identification of clinically significant macular edema and foveal avascular zone. [8] Among 10 cases CSCR, majority (60%) were of inkblot pattern followed by smokestack pattern of leakage seen in 40% of cases. How and Koh in their study on angiographic characteristics of acute CSCR in an Asian population confirmed that the inkblot pattern of leakage was the most common pattern seen. [11] In this study, out of 8 cases of vascular occlusions, FFA has confirmed the diagnosis in 62.50% of cases and altered the diagnosis in 37.50% of cases. Macular ischemia due to vascular occlusions was confirmed only by FFA. The study results are in agreement with Rajappa et al. who concluded that FFA has confirmed diagnosis in 57.14% of cases and altered its diagnosis in 42.85% of cases. [10] Out of three inflammatory causes, two cases of choroiditis and one case of CMV retinitis were included.
In this study, FFA has confirmed the diagnosis in 66.66% of cases and altered the diagnosis in 33.33% of cases.
Nainiwal and Dandaliya in their study who concluded that FFA has confirmed diagnosis in 73.33% of cases and has altered its diagnosis in 26.67% cases of inflammatory lesions. [7] In this study, among 2 cases of macular dystrophy, one case of Stargadt's disease and one case of adult onset vitelliform dystrophy was included in the study. FFA has confirmed the diagnosis in all the cases. Wykes and Livesey in their study concluded that fluorescein angiography confirmed 100% of cases of hereditary macular degeneration which was diagnosed by clinical examination. [12] Among two cases of full thickness macular hole in our study, FFA has confirmed the diagnosis in all the cases. Thompson et al. in their study found that FFA is most useful tool when the diagnosis of a full-thickness macular hole is in question. [13] In our study, among 66 fluorescein angiography performed, 4.68% of cases experienced nausea as the most common side effect. No other cases experienced any anaphylactic reactions. Xu et al. in their study on adverse reactions during FFA concluded that only 3.3% cases experienced adverse reactions with nausea and vomiting as the most common adverse effect. [14] A prospective study by Beleña et al. on adverse reactions of FFA showed that major adverse reaction was nausea which occurred in least participants. [15] In our study, out of 66 cases of macular diseases, FFA confirmed the diagnosis in 62% of the cases and altered the diagnosis in 38% of cases. There was 90.91% agreement between clinical ophthalmoscopy and FFA which is found to be statistically significant (P < 0.001).
Conclusion
The present study conducted on 66 participants with suspected macular pathologies at KLES Dr. Prabhakar Kore Hospital and Medical Research Centre, Belagavi during the study period of 1 year from January 1 st , 2016 to December 31 st , 2016.
In this study, we examined all the participants by conventional methods of ophthalmoscopy followed by FFA. The findings were analyzed and categorized.
The following conclusions were drawn from the study.
• FFA confirmed the diagnosis in all the dry ARMD cases. FFA played a definitive role in diagnosing wet ARMD by early detection and localization of the site of CNVM in relation to the foveal avascular zone • FFA confirmed and classified the diabetic maculopathy into focal maculopathy, diffuse maculopathy, ischemic maculopathy and CSME. FFA is gold standard in the diagnosis of ischemic diabetic maculopathy • Among vascular occlusions FFA played a major role in differentiating macular edema from macular ischemia which helped in the prognosis of these conditions • In the study of macular dystrophy fluorescein angiography confirmed the diagnosis in all the cases • FFA gave a definitive diagnosis in CSCR cases by detecting the number of leakage points and the exact site of leakage. It classified the leakage pattern into inkblot and smokestack pattern and played an immense role in laser photocoagulation by detecting exact site of leakage points in CSCR • Fluorescein angiography confirmed the diagnosis in full-thickness macular hole by detecting the pattern of leakage • In our study, nausea was the most common adverse effect seen only in 3 cases with no anaphylactic reactions seen.
In conclusion, FFA can be used as a safe and superior diagnostic modality in classification and diagnosis of macular diseases.
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